A high-performance liquid chromatographic method for the determination of peniciiiamine in plasma, whole blood, and urine samples is described. The method uses a commercially available electrochemical detector at a potential of to.1 V verms the Ag/AgCl reference electrode. This method is selective and sensitive for sulfhydryl compounds. The chromatography separates peniciBamine from other endogenoua sulfhydryl compounds with a limit of detection for peniciiiamine in biological samples of ca. 10 -7 AL
-Since penicillamine has been shown to be effective for the treatment of rheumatoid arthritis [ 51, a great interest in research. on this therapeutic agent has been stimulated due to the high incidence and debilitating nature of this d&se_ However, -accurate pharmacokinetic studies of penicillamine and other areas of peticillamine research have been restrained due to the lack of a sufficiently sensitive and specific assay for penicillamine. Most of the pharmacokinetic studies done in the past have employed radiolabeled penicillamine [S-11] _ The results of these studies are inappropriate for the description of penicillamine pharmacokinetics since the results represent both metabolized and parent drug.
A number of analytical methods including zolorimetry [ 12, 13 3, gas chromatography 1141 and radioimmunoassay 115, IS], have been developed for penicillamine_ These methods either require complex sample manipulation during which penicilhunine degradation may occur or are not specific for penicihamine_ Thus, these methods are inappropriate for phannacokinetic sample analysis.
The recent development of a high-performance liquid chromatographic (HPLC) method for the determination of penicillamine [17, 18] using electrochemical detection has provided a simple, specific, and sensitive assay for the investigation of penicilhunine. We have modified this HPLC method and are using it in our laboratory for the analysis of penicillamine pharmacokinetic samples_ The details of the modified method are reported in this paper standard all other standards were_ prepared by appropriate dilution using the EDTA (1 g/l) solution. The standards were filled into glass ampoules, purged with nitrogen, and flame sealed and refrigerated (1-4°C) until used. After opening the glass-sealed standards for use, the standards were stored in air-tight test-tubes, used for one week, and then discarded. Excellent stability for penicillamine solutions prepared and stored as above has been reported by others [17, 20] . Cur results [lS] and experience also confirm that no significant change in the concentrations of the standards occurred over a storage period of 3-6 months.
MATERIALS AND METHODS

HPLC
A 20-~1 aliquot of each unknown analytical sample is injected via the loop valve into the HPLC system followed immediately by a 20-~1 aliquot of a penicillamine standard. After the unknown analytical sample is injected and a suitable response is recorded with the electrochemical detector set at one of the nine sensitivity settings, the corresponding standards for that sensitivity setting are injected. The concentration of the unknown analytical sample is determined by multiplying the ratio of the observed peak heights (unknown sample:standard) times the concentration of the standard used. The concentration of the unknown analytical sample must then be corrected for dilution caused by thesample preparation proceduretogiveanest&ateoftheconcen-tration of the actual biological sample. To minimize erroqthe ratio ofthe peak heights of the unknown analytical sample to that of the penicillamine standard should be close to unity.
RESULTS
The
chromatography
of penicillamine and other similar sulfbydryl compounds using Zipax SCX has been well described by Rabenstein and coworkers [I?, 18, 21-243 _ As shown by these workers, the retention of penicillamine cau be increased or decreased by decreasing or increasing, respectively, the pH of the eluting buffer_ Table I shows the different compositions of citric acid-phosphate buffer which may be used for the chromatography of penicillamine. The approximate pH of the buffer and the relative effect of the buffers on the retention times of penicillamine are also indicated_ Considerable differences between individual columns have been noted during our experience. Main-g a constant flow-rate, it was necessary to use buffers 5 and 7 to achieve comparable retention times on two different cohunns_ Fig. 1 shows chromatograms of the separation of penicillamine in whole blood, plasma and urine samples_ Each unknown sample that is injected into the HPLC system is followed by an injection of a penicillamine standard_ Fig.  2 shows a chromatogram of penicihamine in an EDTA solution. This chromatogram demonstrates the potential sensitivity of this method as the peak shown represents lUg M peniciilamine.
The recoveries of penicihamine added to plasma and urine samples of a normal vohmteer are shown in Table II . Each of the different concentrations studied were done in triplicate_ The theoretical concentrations of penicillamine were based upon the amount of penicillamine added in a concentrated solution form to the normal human plasma or diluted urine and the total volume of the biological sample after this addition_ The volume of concentrated penicillamine solution was always less than 3.5% of the total sample volume.
For the recovery studies, the urine was diluted 1: 5 with 0.4 M citric acid solution prior to the addition of the concentrated penicillamine solution_ The plasma samples were treated immediately after the addition of the concen- 
DISCUSSION
The HPLC method described in this paper utilized commercialIy available equipment unlike the previously published method [I?] which required a homemade thin-layer electrochemical cell. Our method differs also in that a preestablished calibration curve for pencillamine is not necessary; rather the unknowns are quantitated by injecting a standard of penicillamine of similar concentration immediately after the unknown. By a comparison of the peak heights of the unknown and standard, the concentration of the unknown sample can be calculated.
The above method for quantitation of the unknown samples was used instead of the usual internal standard technique because a suitable internal standard for penicillamine could not be found. Due to the specificity of the detector, the choice of an internal standard is primarily limited to other sulfhydryi compounds, many of which are endogenous.
However, many of the classical reasons for using an internal standard were not necessary for this assay. The sample preparation does not require an extraction procedure and only a dilution of the actual biological sample is necessary. The samples are injected onto the HPLC column using a precise loop valve which reduces the injection volume error to a level below that of the error of the overall assay patients disp_jayed any peaks that would interfere with the analysis of penicill~e.
The HPLC method reported in this paper is suitable for the determination of unchanged penicillamine in biological samples for pharmacokinetic analysis or other research applications_ The results of the application of this method to the samples of a pharmacokiuetic study of penicillamine in animals and man in the authors' laboratory are being prepared for publication. The limits of detection of penicillamine in biological samples are 5 -10 -' M for plasma and undiluted urine samples and 3 -10 -6 M for whole blood samples due to the additional dilution of whole blood samples during processing.
